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(57) ABSTRACT 

A handwriting recognition system and method whereby 
various character sequences (which are typically “slurred” 
together when handwritten) are each modelled as a single 
character (“compound character model” ) so as to provide 
increased decoding accuracy for slurred handwritten char 
acter sequences. In one aspect of the present invention, a 
method for generating a handwriting recognition system 
having compound character models comprises the steps of: 
providing an initial handwriting recognition system having 
individual character models; collecting and labelling a set of 
handwriting data; aligning the labelled set of handwriting 
data; generating compound character data using the aligned 
handwriting data; and retraining the initial recognition sys 
tem with the compound character data to generate a new 
recognition system having compound character models. 
Once these compound character models are trained, they 
may be used to accurately decode slurred handwritten char 
acter sequences for which compound character models were 
previously generated. Once recognized, the compound char 
acters are expanded into the constituent individual charac 
ters comprising the compound character. 
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HANDWRITING RECOGNITION SYSTEM AND 
METHOD USING COMPOUND CHARACTERS 
FOR IMPROVED RECOGNITION ACCURACY 

BACKGROUND 

[0001] 1. Technical Field 

[0002] The present application relates generally to hand 
Written teXt recognition and, more particularly, to a hand 
Writing teXt recognition system and method Whereby char 
acter sequences are modelled as single characters 
(“compound character models”) in order to improve recog 
nition accuracy of converting handWritten teXt to machine 
printed teXt. 

[0003] 2. Description of the Related Art 

[0004] Currently, the need for accurate machine recogni 
tion of handWritten teXt has increased due to the popularity 
and Wide spread use of handheld, pen-based computers. 
HoWever, the ability to achieve high recognition accuracy 
With conventional machine recognition devices has proven 
to be a dif?cult task due to the Wide variety of individual 
handWriting styles, many of Which have ambiguous and/or 
con?icting character representations. This difficulty is fur 
ther compounded by the fact that, even for a particular 
Writer, the manner in Which a given letter is Written can vary 
dramatically depending on the location of the letter in the 
Word. 

[0005] In particular, letters at the end of Word are fre 
quently Written less carefully than letters at the beginning of 
the Word due to the tendency of Writers to “slur” together 
ending characters of a Written Word. For instance, due to 
“slurred” handWriting, character sequences such as “ing”, 
“ous” and “ion”, Which commonly appear at the ends of 
Words, typically bear little resemblance to the same letters 
(or combination of letters) that appear in other locations of 
the same Word. And yet, these “slurred” character sequences 
contain enough information for a human reader to recogniZe 
them correctly. 

[0006] Conventional methods for machine recognition of 
handWritten teXt typically recogniZe a Word by recogniZing 
constituent characters of the Word using statistical models 
(i.e, character models) that are previously generated for 
characters comprising a given vocabulary. Conventional 
handWriting recognition systems are not trained to recogniZe 
slurred handWritten character sequences. Consequently, 
decreased recognition accuracy is realiZed When decoding 
slurred character sequences. 

SUMMARY 

[0007] The present application is directed to a handWriting 
recognition system and method Whereby various character 
sequences are each modelled as a single character (“com 
pound character model”) so as to provide improved recog 
nition accuracy When decoding “slurred” character 
sequences. 

[0008] In one aspect of the present invention, a method for 
generating a handWriting recognition system having com 
pound character models, comprises the steps of: 

[0009] providing an initial handWriting recognition system 
having individual character models; 
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[0010] 
[0011] 
[0012] generating compound character data using the 
aligned handWriting data; and 

[0013] retraining the initial recognition system With the 
compound character data to generate a neW recognition 
system having compound character models. 

[0014] In another aspect of the present invention, a system 
for recogniZing handWritten teXt, comprises: 

[0015] 
[0016] means for storing a plurality of character models, 
the character models including individual character models 
and compound character models; 

[0017] means for decoding the input handWritten teXt 
using the individual character models and the compound 
character models such that When the decoding means detects 
a compound character, the compound character is eXpanded 
into its corresponding constituent individual characters; and 

[0018] 
[0019] These and other aspects, features and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description of preferred embodiments, 
Which is to be read in connection With the accompanying 
draWings. 

collecting and labelling a set of handWriting data; 

aligning the labelled set of handWriting data; 

means for inputting handWritten teXt; 

means for outputting the decoding results. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a block diagram Which illustrates a 
handWriting recognition system in accordance With one 
embodiment of the present invention; 

[0021] FIG. 2 is a How diagram Which illustrates a method 
for generating a handWriting recognition system having 
compound character models in accordance With one aspect 
of the present invention; and 

[0022] FIGS. 3a and 3b diagrams Which illustrate a 
method for generating compound character training data in 
accordance With one aspect of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0023] It is to be understood that the term “compound 
character model” used herein refers to a model Which is 
trained to recogniZe a speci?c sequence of tWo or more 
handWritten characters (e.g., “ing” and “ion”). It is to be 
further understood that the term “compound character” used 
herein refers to a character sequence for Which a compound 
character model is generated. 

[0024] Referring noW to FIG. 1, a block diagram illus 
trates a handWriting recognition system in accordance With 
an embodiment of the present invention. The system 1 
includes an input unit 10 for inputting data, e.g., samples of 
handWritten teXt. In particular, the input unit can be any 
conventional device such as a digitiZing tablet (i.e., pen 
based computer) for real-time digitiZation and recognition of 
teXt Which is directly Written on the tablet, or an OCR 
scanner for inputting handWritten teXt. 

[0025] The system 1 includes a database for storing a 
training corpus 11 Which comprises a plurality of handWrit 
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ing data Which is used to train the system 1 and generate 
character models via a training module 12. For a Writer 
independent unconstrained handwriting system (i.e., a sys 
tem Which recognizes the handWriting of many Writers and 
in Which no restriction is placed on the style or content of the 
handWriting to be recognized), the training corpus 11 is 
typically comprised of a representative set of handWriting 
samples Which are collected from a random population of 
individuals (e.g., a collection of handWriting samples for 
various character belonging to a given Written language to 
be recogniZed, as Well as punctuation characters and any 
special symbols (e.g. “SS” and “&”)). On the other hand, the 
training corpus 11 for a “Writer-dependant” unconstrained 
handWriting system (i.e., a system Which is trained to 
recogniZe the handWriting of a particular individual and 
Which no restriction is placed on the style or content of the 
handWriting to be recogniZed) is typically comprised of a 
collection of handWriting samples of characters from the 
particular individual. It is to be understood that the present 
invention may also be implemented With a “constrained” 
handWriting system (i.e., a system in Which constraints are 
placed on the content (numbers, dates, etc.) or the style 
(cursive, discrete) of the handWriting to be recogniZed). 

[0026] The handWriting data (i.e., training corpus) may be 
stored in any suitable conventional format such as a bitmap 
image (Which is typically generated With “off-line”/“static” 
OCR scanning) or as a sequence of X-Y coordinates Which 
represent the location of a pen Writing tip on the input device 
10 at successive points in time (Which is generated With an 
“on-line”/“dynamic” pen-based computer). 

[0027] As noted above, the training module 12 utiliZes the 
training corpus 11 to train the system 1. The result of the 
training process is a set of character models Which are stored 
in memory 15. The character models include a database of 
individual character models 16 (i.e., statistical parameters) 
corresponding to the standard characters for a given vocabu 
lary, Which are trained using conventional methods suitable 
for handWriting recognition. In addition, a database of 
compound character models 17 is generated and trained in 
accordance With the present invention as discussed in further 
detail beloW With reference to FIGS. 2 and 3. These 
compound character models 17 are used during decoding to 
recogniZe “slurred” character sequences to thereby improve 
the decoding accuracy of the system 1. 

[0028] The memory 15 also includes a lookup table 18 in 
Which individual character labels (and their corresponding 
character models) and compound character labels (and cor 
responding compound character models) are mapped to 
integers. In particular, for each individual character in a 
given vocabulary, a character label and the corresponding 
character model are assigned a standard ASCII code (as is 
knoWn in the art). In addition, for each compound character, 
a compound character label and the corresponding com 
pound character model (Which are previously de?ned and 
trained as discussed beloW in detail With reference to FIGS. 
2 and 3) is assigned to a single index (e.g., ASCII code) 
Which is not assigned to a standard character. 

[0029] A recognition module 13 is utiliZed during a rec 
ognition process to recogniZe handWriting data of a given 
individual Which is input via the input device 10. The 
recognition module 13 decodes the input handWriting data 
utiliZing the single character models 16 and the compound 

Jun. 6, 2002 

character models 17 stored in memory 15 to recogniZe the 
handWriting of the individual. The lookup table 18 is 
accessed by the recognition module 13 after decoding hand 
Writing data in order to obtain the text character (i.e., label) 
that corresponds to the decoded data. Advantageously, com 
pound characters are recogniZed (interpreted) as a single 
character using the compound character models. When a 
compound character is recogniZed, the recognition module 
13 Will expand the compound character to its corresponding 
constituent characters and the recognition results Will be 
modi?ed accordingly. For instance, assuming the character 
sequence “ing” is detected and the corresponding internal 
code is obtained from the lookup table 18, the recognition 
module 13 Will translate the internal code for the compound 
character “ing” into an “i”, an “n” and a “g”. 

[0030] The recognition results are then converted into 
machine printed text via the recognition module 13 using 
techniques knoWn by those skilled in the art. The recognition 
results of the recognition module 13 are output via output 
device 14 (Which can be, e.g., a computer display). 

[0031] It is to be understood that the handWritten text 
recognition system and method described herein may be 
implemented in various forms of hardWare, softWare, ?rm 
Ware, or a combination thereof. In particular, the training 
module 12 and the recognition module 13 are preferably 
implemented in softWare as an application program Which is 
executed on a general purpose computer having any are 
suitable and preferred microprocessor architecture. It is to be 
further understood that, because some of the constituent 
system components and method steps of the present inven 
tion described herein are preferably implemented as soft 
Ware modules, the actual connections shoWn in FIG. 1 (or 
the process steps illustrated in FIGS. 2 and 3) may differ 
depending upon the manner in Which the present invention 
is programmed. Of course, special purpose microprocessors 
may be employed to implement the system. Given the 
teachings herein, one of ordinary skill in the related art Will 
be able to contemplate these and similar implementations or 
con?gurations of the present system and method. 

[0032] Preferably, the system illustrated in FIG. 1 is 
implemented on a computer platform including hardWare 
such as one or more central processing units (CPU), a 
random access memory (RAM), and input/output (I/O) 
interface(s). The computer platform also includes an oper 
ating system and microinstruction code. The various pro 
cesses and functions described herein such as training, 
alignment and recognition may be either part of the micro 
instruction code or application programs Which are executed 
via the operating system. In addition, various other periph 
eral devices may be connected to the computer platform 
such as an additional data storage device and a printing 
device. 

[0033] Referring noW to FIG. 2, a How diagram illustrates 
a method for generating a handWriting recognition system 
having compound character models in accordance With one 
aspect of the present invention. Initially, the user Will obtain 
an initial recognition system (step 20) Which has trained 
individual character models only (i.e., the initial recognition 
system does not include trained compound character mod 
els). The initial trained recognition system may be either an 
existing recognition system (Which the user desires to 
modify in accordance With the methods described herein to 
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recognize compound characters), or created by the user 
using techniques known by those skilled in the art (i.e., the 
initial recognition system may be generated by performing 
steps such as collecting a ?rst set of handWriting data 
samples, cleaning and aligning the data samples, and train 
ing individual character models). It is to be understood that 
the initial trained recognition system may be a Writer 
independent system (i.e., a system Which is trained to 
recogniZe the handWriting of many different Writers). Alter 
natively, the initial recognition system may be a Writer 
dependent system (i.e., a system trained to recogniZe the 
handWriting of a particular Writer). 

[0034] After the initial recognition system is obtained (or 
created) (step 20), the user Will select the type of “special 
iZed” recognition system (i.e., a recognition system trained 
With compound character models) to be generated (step 21). 
For instance, the specialiZed recognition system may be 
implemented as either a “Writer-independent” system if it is 
to be utiliZed by a plurality of Writers or a “Writer-depen 
dant” system if it is to be used by a single Writer. 

[0035] Next, the user Will decide Whether to collect addi 
tional handWriting data for training the specialiZed recogni 
tion system (step 22). For instance, assuming that the initial 
recognition system (step 20) is “Writer-independent” and 
that the user Wants to create a specialiZed “Writer-indepen 
dent” system (step 21), the user may utiliZe the same 
handWriting data samples that Were used to train the initial 
recognition system (negative determination in step 22 and 
skip to step 30). LikeWise, assuming that the initial recog 
nition system is “Writer-dependent” and that the user Wants 
to create a specialiZed “Writer-dependent” system, the user 
may utiliZe the same “Writer-dependent” handWriting data 
samples that Were used to train the initial recognition 
system. 

[0036] Preferably, a second set of Writer-independent 
handWriting data and Writer-dependant handWriting data is 
collected for generating the specialiZed Writer-independent 
system and specialiZed Writer-dependent system, respec 
tively (af?rmative result in step 22). This ensures that the 
specialiZed recognition system is not biased in favor of one 
set of handWriting data, Which may result in less-than 
optimal recognition accuracy as is understood by those 
skilled in the art. 

[0037] It is to be understood that if a specialiZed Writer 
independent system is desired, the initial recognition system 
should be Writer-independent. OtherWise, the user must 
either obtain a Writer-independent system or collect Writer 
independent data and generate the initial Writer-independent 
system. Then, as discussed above, either the collected 
Writer-independent data may be used to create the special 
iZed Writer-independent system or additional Writer-inde 
pendent data may be collected. LikeWise, if a specialiZed 
Writer-dependent system is desired, the initial recognition 
system should be a Writer-dependant system. OtherWise, the 
user must obtain or generate an initial Writer-dependent 
recognition system and either use the collected Writer 
dependent handWriting data or obtain additional Writer 
dependent data to generate the specialiZed Writer-dependent 
system. 

[0038] Assuming that the user chooses to collect addi 
tional handWriting data (affirmative decision in step 22), the 
user Will select one of several methods for collecting the 
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additional handWriting data samples (step 23). For instance, 
an “unscripted” or “general” text collection may be obtained 
Whereby the Writer inputs (via the input device 10 of FIG. 
1) Whatever handWriting data samples the Writer desires. 
Alternatively, a “scripted text” collection may be obtained, 
Whereby the Writer inputs handWriting data samples in 
accordance With a preferred script. The “scripted” method 
for collecting handWriting samples is the preferred method 
since the handWriting samples are knoWn in advance 
(thereby obviating the need for performing additional label 
ling steps as discussed beloW). In addition, it virtually 
guarantees that the desired compound characters Will be 
provided, While keeping the handWriting data set as small as 
possible. 

[0039] Next, assuming the additional handWriting samples 
are collected via the “scripted” method (step 24), the hand 
Writing data Will be automatically “sentence-level” labelled 
(step 25). The term “sentence” refers to any siZe grouping of 
handWriting data (characters) Which falls betWeen a prede 
termined maximum and minimum group siZe. The term 
“sentence-level labelling” refers to a process Whereby each 
“sentence” is associated With knoWn text. Sentence-level 
labelling of scripted text is automatically performed since 
the recognition system knoWs a priori Which text is associ 
ated With the input handWriting data samples. 

[0040] On the other hand, if the additional handWriting 
samples are collected via the “unscripted” method (step 26), 
sentence-level labelling (step 27) may be performed in one 
of several Ways. For instance, sentence-level labelling may 
be performed manually (the preferred method) by the Writer 
specifying What he/she Wrote. This may be done, for 
example, via an application program embodying the present 
invention, Whereby the input handWriting data is displayed 
on a computer monitor and the Writer is prompted to mark 
(or otherWise select) each Written sentence/Word of the 
displayed handWriting and type the corresponding text ver 
sion of the marked sentence/Word. Alternatively, sentence 
level labelling of the “unscripted” handWriting data may be 
performed automatically by decoding the input handWriting 
data using the previously trained recognition system and 
applying the decoding results to obtain the labels using 
methods knoWn by those skilled in the art. 

[0041] After the handWriting data is labelled (steps 25 or 
27), the labelled handWriting data may be cleaned/veri?ed 
(step 28). It is to be understood that the cleaning/veri?cation 
phase is optional for both the scripted and unscripted hand 
Writing data collections and is not necessary for implement 
ing the present invention. The cleaning/veri?cation process, 
hoWever, is preferably performed to ensure that “dirty” or 
“noisy” handWriting data is eliminated, thereby preventing 
the potential generation of sub-optimal models during the 
training process. 

[0042] The cleaning/veri?cation process (step 28) may be 
performed manually or automatically. For instance, clean 
ing/veri?cation may be manually performed via an applica 
tion program embodying the present invention, Whereby 
both the input handWriting data and corresponding text 
(label) are simultaneously displayed such that the user can 
vieW the handWriting data and the corresponding labels. In 
this manner, the handWriting data samples can be then 
manually cleaned by revieWing the labelled data samples 
and removing and deleting incorrect labels and/or handWrit 
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ing data which the user feels is, e.g., an aberration of the 
user’s normal style of writing (i.e., noisy handwriting data). 

[0043] Alternatively, the handwriting data samples may be 
cleaned automatically by decoding the handwriting data 
(with the known labels) using the initial trained recognition 
system, and then taking only those decoding results which 
have a probability that exceeds a predetermined threshold. In 
this manner, the decoded handwriting data samples which do 
not match their corresponding (known) labels within a 
speci?ed probability threshold limit are deemed noisy data 
and, thus, discarded. In addition, if a label is not aligned with 
any particular handwriting data, it may be discarded. 

[0044] After the handwriting samples are labelled and 
cleaned (optional), an alignment procedure is performed to 
align each character of the sentence-level labelled handwrit 
ing data with the corresponding text (character label) (step 
29). Preferably, the alignment procedure is performed auto 
matically, although it may be performed manually. Since the 
present handwriting recognition system is preferably imple 
mented using Hidden Markov Models (HMM) (which are 
well known to those skilled in the art), alignment may be 
performed automatically using the well-known Viterbi 
alignment procedure such as disclosed in “A Tutorial On 
Hidden Markov Models and Selected Applications in 
Speech Recognition” by L. R. Rabiner, Proceedings of 
IEEE, Vol. 77 #2, pp. 257-286, February, 1989. Speci?cally, 
as is understood by those skilled in the art, the handwriting 
data is initially processed as a sequence of frames. The 
Viterbi alignment procedure matches (aligns) the frames 
comprising each handwritten character to the corresponding 
character labels. Therefore, the alignment places boundaries 
between the sequence of frames to identify which frames are 
associated with each handwritten character. The alignment 
procedure is necessary for training character models since it 
is important to know which handwriting data (i.e., frames of 
data) correspond to a given (character) model. Accordingly, 
since the collected handwriting samples are previously sen 
tence-level labelled, it is possible to determine the optimal 
alignment for each handwritten character of the handwriting 
data with its corresponding character label. 

[0045] Alternatively, alignment may be performed manu 
ally via the computer program embodying the present inven 
tion, whereby the (labelled and cleaned) handwriting data is 
displayed on the computer monitor and the user is prompted 
to mark (or otherwise separate) each written character of the 
displayed handwriting data. In this manner, all frames cor 
responding to the marked handwritten character are properly 
aligned with the proper character label. 

[0046] Next, a set of compound characters is de?ned (step 
30). This can be performed one of several ways. For 
instance, the compound character set can be automatically 
de?ned by decoding on a separate held out set of samples 
(i.e., arbitrarily dividing the data collection (steps 24 or 36) 
into two sets so as to prevent the system from being biased 
for one set of data) and tallying which combinations of 
letters are incorrectly recogniZed most frequently. 

[0047] Alternatively, the set of compound characters may 
be manually de?ned. In particular, the user of the system 
may determine which character sequences are incorrectly 
recogniZed and then specify which sequences should be 
modeled as compound characters. Likewise, the designers of 
the system 1 may generate a “canned” list (i.e., predeter 
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mined list) of compound characters based on writer inde 
pendent recognition accuracies. Moreover, the frequency of 
occurrence of certain character sequences in a given lan 
guage and/or in the available handwriting data may be 
considered for determining which compound characters 
model should be trained. For example, the user can deter 
mine whether or not to train a given compound character 
model depending on whether the frequency of occurrence of 
the character sequence exceeds some predetermined thresh 
old. 

[0048] Next, compound character data (which is used for 
training the specialiZed recognition system) is generated 
(step 31) by utiliZing the de?ned compound character set 
(from step 30) together with the aligned handwriting data 
samples (from step 29). One method for generating com 
pound character data is illustrated by the diagrams of FIGS. 
3a and 3b. Referring to FIG. 3a, initially, the results of the 
character alignment process (i.e., character alignment data) 
(in step 29) are obtained (step 31a). As discussed above in 
detail, the character alignment process aligns frames for 
each handwritten character to a corresponding character 
label. For instance, referring to FIG. 3b(i), the frames 
associated with each handwritten character of the word 
“singing” are aligned to their corresponding character label 
(as delineated by each forwardslash). It is to be understood 
that if the handwriting data (training data) from the initial 
recognition system is used (i.e., no additional handwriting 
data is collected (in step 22)), then the character alignment 
of the initial recognition system may be utiliZed for gener 
ating the compound character data. 

[0049] Next, the compound characters contained in each 
word are identi?ed using the de?ned compound character set 
and the aligned character labels. For instance assuming the 
compound character “in” and “ing” are previously de?ned as 
shown in FIG. 3b(ii), the word “singing” would have four 
compound characters identi?ed therewith: the ?rst and sec 
ond occurrence of “in” and the ?rst and second occurrence 
of “ing.” After the compound characters of a given word are 
identi?ed, the above character alignment is modi?ed for 
each of the identi?ed compound characters (step 31c) by 
combining the frames of each individual character compris 
ing the compound character (as shown in FIG. 3b (iii)). 
Then, the combined frames are mapped with a “new char 
acter label” corresponding to the compound character. Spe 
ci?cally, as discussed above, each new character label for a 
given compound characters is mapped with an integer value 
and stored in the lookup table 18 (FIG. 1). In this manner, 
it is to be appreciated that each compound character is 
treated as a single character. 

[0050] Next, the aligned compound character data (the 
combined frames corresponding to the character sequence) 
is “duplicated” (step 31d) and the duplicated frames are 
added to the training data (step 316). Alternatively, a “con 
strained duplication” method may be implemented which is 
similar to the duplication method discussed above except 
that duplication occurs only when the identi?ed compound 
character satis?es one or more pre-speci?ed duplication 
constraints. For instance, assume a duplication constraint is 
applied which limits the duplication of compound characters 
to those which fall at the end of a word (where most slurring 
typically occurs). Then in FIG. 3b(iii), for instance, only the 
frames corresponding to the second “ing” and “in” in the 
word “singing” would be combined and duplicated. One of 
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ordinary skill in the art could envision other constraints that 
may be applied for limiting the amount of compound 
character training data. 

[0051] Referring again to FIG. 2., after the compound 
character data is generated, the compound character data is 
used for training compound character models using training 
methods knoWn by those skilled in the art (step 32). It is to 
be understood that the duplication process discussed above 
(step 31a) is performed in order to separately utiliZe original 
character-aligned data to retrain the individual character 
models of the initial recognition system (if the user so 
desires) and the duplicated data to train compound character 
models. The individual and compound character models are 
employed by a specialiZed recognition system that is capable 
of providing increased recognition accuracy for compound 
characters. 

[0052] Advantageously, by implementing the neWly cre 
ated recognition system, compound characters may be 
decoded and recogniZed by modifying the recognition pro 
cess When compound characters are detected. In particular, 
as eXplained above, Whenever a compound character is 
detected during decoding, the recognition result is modi?ed 
in such a Way that it eXpands the compound character to its 
corresponding constituent characters. For instance, When an 
“ing” compound character is detected, the recognition sys 
tem translates its internal code for it into an “i”, an “n” and 
a “g”. Therefore, the present invention provides a method for 
enabling handWriting recognition systems to accurately rec 
ogniZe slurred character sequences by explicitly modelling 
such character sequences (compound characters) as single 
characters. Once these compound character models are 
trained, they may be used in the same manner as conven 
tional character models are used in the recognition process. 

[0053] Although illustrative embodiments have been 
described herein With reference to the accompanying draW 
ings, it is to be understood that the present system and 
method is not limited to those precise embodiments, and that 
various other changes and modi?cations may be affected 
therein by one skilled in the art Without departing from the 
scope or spirit of the invention. All such changes and 
modi?cations are intended to be included Within the scope of 
the invention as de?ned by the appended claims. 

What is claimed is: 
1. A method for generating a handWriting recognition 

system having compound character models, comprising the 
steps of: 

providing an initial handWriting recognition system hav 
ing a training corpus of handWriting data associated 
thereWith; 

generating compound character data using the training 
corpus; and 

retraining the initial recognition system With the com 
pound character data to generate a neW recognition 
system having compound character models. 

2. The method of claim 1, further including the step of 
de?ning a set of compound characters, Wherein the com 
pound character data is generated for each compound char 
acter in the de?ned set. 

3. The method of claim 2, Wherein the step of de?ning the 
set of compound characters includes the substeps of: 
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decoding a separate heldout set of handWriting data of the 
training corpus; 

selecting from the decoding results each incorrectly rec 
ogniZed character sequence as a compound character. 

4. The method of claim 2, Wherein the step of de?ning the 
set of compound characters includes providing a pre-deter 
mined list of character sequences that are to be modelled as 
compound characters. 

5. The method of claim 2, Wherein the step of de?ning the 
set of compound characters includes selecting each character 
sequence in a given vocabulary as a compound character if 
the frequency of occurrence of the character sequence in the 
given vocabulary eXceeds a predetermined threshold. 

6. The method of claim 2, Wherein the step of generating 
compound character data includes the substeps of: 

obtaining character alignment data from the initial hand 
Writing recognition system; 

identifying each character sequence in each Word in the 
training corpus that corresponds to a de?ned compound 
character using the character alignment data; 

combining the character alignment data associated With 
each character of the identi?ed character sequence; and 

duplicating the combined character alignment data to 
generate the compound character data. 

7. The method of claim 6, further including the step of 
providing at least one duplication constraint, Wherein the 
step of duplicating the combined character alignment data 
occurs only if the corresponding character sequence satis?es 
the duplication constraint. 

8. A method for generating a handWriting recognition 
system having compound character models, comprising the 
steps of: 

providing an initial handWriting recognition system hav 
ing individual character models; 

collecting and labelling a set of handWriting data; 

aligning the labelled set of handWriting data; 

generating compound character data using the aligned 
handWriting data; and 

retraining the initial recognition system With the com 
pound character data to generate a neW recognition 
system having compound character models. 

9. The method of claim 8, Wherein the step of collecting 
and labelling the set of handWriting data includes the steps 
of providing scripted teXt and automatically sentence-level 
labelling the scripted teXt With a priori knoWn labels. 

10. The method of claim 8, Wherein the step of collecting 
and labelling the set of handWriting data includes the steps 
of providing unscripted teXt and sentence-level labelling the 
unscripted teXt. 

11. The method of claim 10, Wherein the step of labelling 
is performed by revieWing the collected set of handWriting 
data and associating a corresponding teXt label for each 
Written Word comprising each Written sentence. 

12. The method of claim 10, Wherein the step of labelling 
is performed by decoding the set of handWriting data using 
the initial recognition system and applying labels to the set 
of handWriting data in accordance With the decoding results. 

13. The method of claim 8, further comprising the step of 
cleaning and verifying the labelled handWriting data. 
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14. The method of claim 8, further including the step of 
de?ning a set of compound characters, Wherein the com 
pound character data is generated for each compound char 
acter in the de?ned set. 

15. The method of claim 14, Wherein the step of de?ning 
the set of compound characters includes the substeps of: 

decoding a separate heldout set of handWriting data from 
the collected set of handWriting data; 

selecting from the decoding results each incorrectly rec 
ogniZed character sequence as a compound character. 

16. The method of claim 14, Wherein the step of de?ning 
the set of compound characters includes providing a pre 
determined list of character sequences that are to be mod 
elled as compound characters. 

17. The method of claim 14, Wherein the step of de?ning 
the set of compound characters includes selecting each 
character sequence in a given vocabulary as a compound 
character if the frequency of occurrence of the character 
sequence in the given vocabulary exceeds a predetermined 
threshold. 

18. The method of claim 14, Wherein the step of gener 
ating compound character data includes the substeps of: 

identifying each character sequence that corresponds to a 
de?ned compound character using the aligned hand 
Writing data; 

combining frame data of each character associated With 
an identi?ed character sequence; and 

duplicating the combined frame data to generate the 
compound character data. 

19. The method of claim 18, further including the step of 
providing at least one duplication constraint, Wherein the 
step of duplicating the data associated With the aligned 
frames occurs only if the corresponding character sequence 
satis?es the duplication constraint. 

20. Aprogram storage device readable by machine, tan 
gibly embodying a program of instructions executable by the 
machine to perform method steps for generating a handWrit 
ing recognition system having compound character models, 
the method steps comprising: 

loading into said machine an initial handWriting recogni 
tion system having individual character models and 
having a training corpus of handWriting data associated 
thereWith; 

generating compound character data using the training 
corpus; and 

retraining the initial recognition system With the com 
pound character data to generate a neW recognition 
system having compound character models. 

21. The program storage device of claim 20, further 
including instructions for performing the step of de?ning a 
set of compound characters, Wherein the compound charac 
ter data is generated for each compound character in the 
de?ned set. 

22. The program storage device of claim 21, Wherein the 
instructions for performing the step of de?ning the set of 
compound characters includes instructions for performing 
the steps of: 

decoding a separate heldout set of handWriting data of the 
training corpus; 
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selecting from the decoding results each incorrectly rec 
ogniZed character sequence as a compound character. 

23. The program storage device of claim 21, Wherein the 
instructions for performing the step of de?ning the set of 
compound characters includes instructions for performing 
the step of loading into said machine a pre-determined list of 
character sequences that are to be modelled as compound 
characters. 

24. The program storage device of claim 21, Wherein the 
instruction for performing the step of generating compound 
character data includes instructions for performing the sub 
steps of: 

obtaining character alignment data from the initial hand 
Writing recognition system; 

identifying each character sequence in each Word in the 
training corpus that corresponds to a de?ned compound 
character using the character alignment data; 

combining the character alignment data associated With 
each character of the identi?ed character sequence; and 

duplicating the combined character alignment data to 
generate the compound character data. 

25. The program storage device of claim 24, further 
including instructions for performing the step of applying at 
least one duplication constraint during the duplication step, 
such that the step of duplicating the combined character 
alignment data occurs only if the corresponding character 
sequence satis?es the duplication constraint. 

26. A program storage device readable by machine, tan 
gibly embodying a program of instructions eXecutable by the 
machine to perform method steps for generating a handWrit 
ing recognition system having compound character models, 
the method steps comprising: 

loading into the machine an initial handWriting recogni 
tion system having individual character models; 

prompting a user to input a set of handWriting data; 

labelling the input set of handWriting data; 

aligning the labelled set of handWriting data; 

generating compound character data using the aligned 
handWriting data; and 

retraining the initial recognition system With the com 
pound character data to generate a neW recognition 
system having compound character models. 

27. The program storage device of claim 26, Wherein the 
input set of handWriting data is scripted teXt having a priori 
knoWn labels and Wherein the program storage device 
includes instructions for performing the step of automati 
cally sentence-level labelling the input scripted teXt With the 
a priori knoWn labels. 

28. The program storage device of claim 26, Wherein the 
input handWriting data is unscripted teXt and Wherein the 
program storage device includes instructions for performing 
the step of sentence-level labelling the unscripted teXt. 

29. The method of claim 28, Wherein the instructions for 
performing the step of labelling further includes instructions 
for performing the steps of: 
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displaying the input handwriting data; and 

prompting the user to associate a corresponding teXt label 
for each Written Word of the displayed input handWrit 
ing data. 

30. The method of claim 28, Wherein the instructions for 
performing the step of labelling further includes instructions 
for performing the steps of decoding the set of handWriting 
data using the initial recognition system and applying labels 
to the set of handWriting data in accordance With the 
decoding results. 

31. The program storage device of claim 26, further 
including instructions for performing the steps of cleaning 
and verifying the labelled handWriting data. 

32. The program storage device of claim 31, Wherein the 
instructions for performing the steps of-cleaning and veri 
fying the labelled handWriting data further include instruc 
tions for performing the substeps of: 

displaying labelled data With the corresponding handWrit 
ing data; 

prompting the user to revieW the labelled handWriting 
data and delete one of noisy handWriting data, incor 
rectly labelled handWriting data, and a combination 
thereof. 

33. The program storage device of claim 31, Wherein the 
instructions for performing the steps of cleaning and veri 
fying the labelled handWriting data further include instruc 
tions for performing the substeps of: 

decoding the labelled handWriting data using the initial 
recognition system; 

comparing the decoding results to the knoWn labels; and 

discarding the handWriting data having decoding results 
With a probability that does not eXceed a predetermined 
threshold limit for matching the corresponding knoWn 
label. 

34. The program storage device of claim 26, further 
including instructions for performing the step of de?ning a 
set of compound characters, Wherein the compound charac 
ter data is generated for each compound character in the 
de?ned set. 

35. The program storage device of claim 34, Wherein the 
instructions for performing the step of generating compound 
character data includes instructions for performing the sub 
steps of: 
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identifying each character sequence that corresponds to a 
de?ned compound character using the aligned hand 
Writing data; 

combining frame data of each character associated With 
an identi?ed character sequence; and 

duplicating the combined frame data to generate the 
compound character data. 

36. The program storage device of claim 35, further 
including instructions for performing the step of providing at 
least one duplication constraint, Wherein the step of dupli 
cating the combined frame data occurs only if the corre 
sponding character sequence satis?es the duplication con 
straint. 

37. A system for recogniZing handWritten teXt, compris 
ing: 

means for inputting handWritten teXt; 

means for storing a plurality of character models, said 
character models including individual character models 
and compound character models; 

means for decoding the input handWritten teXt using said 
individual character models and said compound char 
acter models such that When said decoding means 
detects a compound character, the compound character 
is expanded into its corresponding constituent indi 
vidual characters; and 

means for outputting the decoding results. 
38. The system of claim 37, further including means for 

training the compound character models. 
39. The system of claim 38, Wherein said training means 

includes: 

means for storing training data used to train the individual 
character models 

generating compound character data using the stored 
training data; and 

training the compound character models using the com 
pound character data. 


